Clinoforms are ubiquitous deltaic, shallow-marine and continental-margin depositional morphologies, occurring over a range of spatial scales (1-10 4 m in height). Up to four types of progressively larger-scale clinoforms may prograde synchronously along shoreline-to-abyssal plain transects, albeit at very different rates. Paired subaerial and subaqueous delta clinoforms (or 'delta-scale compound clinoforms'), in particular, constitute a hitherto overlooked depositional model for ancient shallow-marine sandbodies. The topset-to-foreset rollovers of subaqueous deltas are developed at up to 60 m water depths, such that ancient delta-scale clinoforms should not be assumed to record the position of ancient shorelines, even if they are sandstone-rich. This study analyses a large dataset of modern and ancient delta-scale, shelf-prism-and continental-margin-scale clinoforms, in order to characterise diagnostic features of different clinoform systems, and particularly of deltascale subaqueous clinoforms. Such diagnostic criteria allow different clinoform types and their dominant grain-size characteristics to be interpreted in seismic reflection and/or sedimentological data, and prove that all clinoforms are subject to similar physical laws. The examined dataset demonstrates that progressively larger scale clinoforms are deposited in increasingly deeper waters, over progressively larger time spans. Consequently, depositional flux, sedimentation and progradation rates of continental-margin clinoforms are up to 4-6 orders of magnitude lower than those of deltas. For all clinoform types, due to strong statistical correlations between these parameters, it is now possible to calculate clinoform paleobathymetries once clinoform heights, age spans or progradation rates have been constrained. Muddy and sandy delta-scale subaqueous clinoforms show many different features, but all share four characteristics.
1. Introduction
Deltaic, shallow-marine and continental-margin compound clinoforms
Clinoforms are basinward-dipping, chronostratigraphic stratal surfaces that constitute the dominant architectural component of most deltaic-to-continental-slope successions (e.g., Gilbert, 1885; Rich, 1951; Bates, 1953; Asquith, 1970; Mitchum et al., 1977; Pirmez et al., 1998; Adams and Schlager, 2000; Bhattacharya, 2006; . They usually comprise a central seaward-dipping portion (foreset) and two gently dipping parts, respectively updip (topset) and downdip (bottomset) of the foreset (Steel and Olsen, 2002) , even though the complete visualization of a 'full' clinoform in seismic data is heavily reliant on seismic resolution and the acoustic impedance contrast across it. Clinoform cross-sectional profiles vary from planar to sigmoidal to concave-upward (or 'oblique') (Sangree and Widmier, 1977) , in response to environmental forcing, basin physiography and average sediment grain-size (e.g., Pirmez et al., 1998; Driscoll and Karner, 1999; Adams and Schlager, 2000) . The cross-sectional geometry of clinoforms has therefore been used to characterise ancient environmental conditions.
Clinoforms and inclined, clinoform-bounded stratal packages (clinothems sensu Rich, 1951) occur over a range of vertical scales (tens to thousands of metres). In certain cases, up to four types of progressively larger-scale clinoforms prograde synchronously along shoreline-to-abyssal plain transects, albeit at very different rates (Fig. 1A ). These 'compound clinoforms' are genetically and morphologically linked, such that the bottomset of one clinoform in an up-dip location corresponds to the topset of a larger-scale clinoform in a down-dip location (Swenson et al., 2005; Helland-Hansen and Hampson, 2009; Henriksen et al., 2009; Helland-Hansen and Gjelberg, 2012; Fig. 2) . As previously argued by Helland-Hansen and Gjelberg (2012) , from the most proximal to the most distal, these clinoforms are: (1) subaerial deltas (or shorelines); (2) subaqueous deltas; (3) shelf prisms and (4) continental margins (Figs. 1-2).
It's important to point out that the simultaneous occurrence of these four different types of clinoforms in the same basin is a relatively rare event. For example, a well-defined shelf-margin break and a distinct contrast between delta, shelf, slope and deep basin are sometimes absent (e.g., Olariu and Steel, 2009) . In other cases, deltas have prograded to the shelf edge, and therefore there is only one delta to shelf-prism foreset ('shelf-edge delta' sensu Porębski and Steel, 2003; Burgess and Steel, 2008) , and often this also coincides with the continental-margin clinoform. In the latter case only one clinoform is present along the entire shoreline to basin floor transect. More generally, depth profiles are variable, particularly in basins associated with active tectonics (e.g., foreland and forearc basins).
Both subaerial and subaqueous delta-scale clinoforms are characterised by vertical relief of tens of metres, and typically occur 114 within progradational-retrogradational cycles of 10 2 -10 5 years duration (e.g., Burgess and Hovius, 1998; Hampson and Storms, 2003) . These clinoforms have their rollovers either in the immediate vicinity of the shoreline break (subaerial deltas or shoreline clinoforms) or at water depths of up to 60 m on the shelf (subaqueous delta clinoforms) (Fig. 1B) . They show highly variable geometries, whereas subaqueous clinoforms have rollovers at water depths of up to 40-60 m and are characterised by more regular geometries (Cattaneo et al., 2003 (Cattaneo et al., , 2007 Helland-Hansen and Gjelberg, 2012; Mitchell et al., 2012; . The height of shelf-prism clinoforms is ca. 100-500 m, and they generally occur in sedimentary units that represent 10 4 -10 6 years (e.g., Vanney and Stanley, 1983 ; Upper Holocene delta-scale compound clinoforms at the mouth of the present-day Tiber River (modified after Amorosi and Milli (2001) ); (B) cross-section oriented perpendicular to the southern Portugal shelf, showing the transition between an isolated Quaternary delta-scale sand-prone subaqueous clinoform and its associated, time-equivalent shelf-prism clinoform. The uppermost unit ('Seismic Unit 12' of Hernández-Molina et al. (2000a) ) is interpreted to have been formed during the overall latest-Pleistocene-to-earliest-Holocene transgression, with the regressive delta-scale compound clinoform body deposited during the 'Younger Dryas' relative sea level stillstand (modified after Line 1- Fig. 2 of Hernández-Molina et al. (2000b) ); (C) regional cross section showing a continental shelf-slope profile, including Tertiary shelf-prism clinoforms (Florida-Hatteras Slope) and their associated, time-equivalent continental-margin clinoforms (Blake Escarpment) (modified after Schlee et al. (1979) , their reflection profile FCB). Steel and Olsen, 2002; Helland-Hansen and Hampson, 2009) . After major flooding events, clinoforms of this type are separated from the shoreline clinoforms, but the two clinoforms coincide when the shoreline/delta transits across the shelf, giving rise to 'shelf-edge deltas' (Porębski and Steel, 2003; Burgess and Steel, 2008; Helland-Hansen and Gjelberg, 2012) . Clinoforms that approach several thousands of metres in relief usually are those that construct continental margins, and their progradational-retrogradational cycles typically occur over 10 6 -10 8 years (Henriksen et al., 2009; Helland-Hansen and Gjelberg, 2012) . The results of our analysis demonstrate that these different scales of clinoforms indeed represent depositional cycles of remarkably different durations consistent with those mentioned above. Both autogenic controls and high-frequency allogenic controls exert progressively less influence on the architecture of clinoforms developed at increasingly larger spatial and temporal scales. As a result, larger-scale clinoforms are characterised by increasingly simpler clinoform trajectories. In particular, only delta-scale clinoforms occur in units that translate both seawards (i.e., progradation) and landwards (i.e., retrogradation). In contrast, shelf-prism and continental-margin clinoforms only accrete basinwards or remain fixed through time . Nonetheless, fundamental aspects of the style and dynamics of clinoform outbuilding are scale-invariant, despite their markedly different magnitudes (c.f., Thorne, 1995) . For example, both delta-scale clinoforms Michels et al., 1998; Friedrichs and Wright, 2004; Walsh et al., 2004; Cattaneo et al., 2007) and shelf-prism clinoforms (e.g., Pratson et al., 1994) record maximum sedimentation rates in the upper part of their foresets (Nittrouer and Wright, 1994; Pirmez et al., 1998 ). An abrupt increase of depositional rates seaward of the topsetto-foreset rollover serves to maintain the clinoform shape over time, and suggests that topset-to-foreset rollovers mirror critical, timeaveraged bed shear stress conditions (Walsh et al., 2004; Mitchell et al., 2012) . Laterally extensive, alongshore clinoform geometries, with little along-strike variability and only minor protuberances that correspond to the position(s) of feeder rivers, are characteristic of subaqueous delta-scale clinoforms (Cattaneo et al., 2003 (Cattaneo et al., , 2007 Mitchell et al., 2012; and are also common in both shoreline clinoforms and shelf-prism clinoforms that accumulated during times of ascending clinoform trajectories and/or in locations lacking focused fluvial input(s) and dominated by basinal processes (e.g., Suter and Berryhill, 1985; Johannessen and Steel, 2005; Olariu and Steel, 2009) . Furthermore, the range of progradational clinoform trajectory angles of both delta-scale and shelf-prism clinoforms is similar within a single progradational clinoform set, typically between − 2°and + 2°(e.g., Bullimore et al., 2005; Johannessen and Steel, 2005; Carvajal and Steel, 2006; Løseth et al., 2006) .
Overall aggradation of shelfal strata is therefore generated by vertical stacking of successive deltaic and shoreline clinothem sets (Bullimore et al., 2008; Helland-Hansen and Hampson, 2009 ). The repeated, regressive-transgressive transit of deltas and shorelines across the shelf is the process responsible for the outbuilding of continental-shelf successions (Johannessen and Steel, 2005) , and can, through time, contribute to the basinward accretion and morphological evolution of the larger-scale, shelf-prism and continental-margin clinoforms (e.g., via the establishment of shelfedge deltas; Burgess and Hovius, 1998; Olariu and Steel, 2009; Helland-Hansen and Hampson, 2009 ).
Controls on the evolution of delta-scale subaqueous clinoforms
Two types of delta-scale clinoforms exist (Figs. 1B, . In subaerial deltas (or shorelines), the clinoform topset is composed of subaerial delta top or coastal plain deposits, the topset-to-foreset rollover approximates the shoreline-break position, the foreset corresponds to the shoreface or delta front, and the bottomset is contiguous with the inner shelf or prodelta. In contrast, subaqueous delta clinoforms occur within regressive wedges, largely deposited below fairweather wave base. They are characterised by a subaqueous topset dominated by sediment bypass across the inner shelf, a shoreline-detached, topset-toforeset rollover situated in water-depths approximating fairweatherwave base, a subaqueous delta slope (or prodelta slope), and a bottomset that is contiguous with the mid-to-outer shelf Alexander et al., 1991; Pirmez et al., 1998; Driscoll and Karner, 1999; Hernández-Molina et al., 2000a; Cattaneo et al., 2003 Cattaneo et al., , 2007 Swenson et al., 2005; Helland-Hansen and Hampson, 2009; Mitchell et al., 2012; . Subaqueous deltas have been so far recognized mostly on present-day shelves. Only a few ancient delta-scale subaqueous clinoform systems have been identified, based on detailed sedimentological and geomorphological characterisation (e.g., Jackson, 1964; Asquith, 1970; Hampson, 2010; Hampson et al., in press; .
Recent delta-scale subaerial and subaqueous clinoforms either occur in isolation or are dynamically linked to each other along-strike or down-depositional dip, thus forming compound clinoform systems (Figs. 2A, 3) . Sediment bodies containing delta-scale subaqueous clinoforms tend to be deposited during relative stillstands or highstands of sea level on near-shore areas between fairweather and storm wave bases (e.g., Hernández-Molina et al., 2000a , 2000b Cattaneo et al., 2003) , and often exhibit along-shore-elongated to convex-seawards plan-view morphologies (Field and Roy, 1984; Driscoll and Karner, 1999; Hernández-Molina et al., 2000a; Cattaneo et al., 2003; Lobo et al., 2005; Mitchell et al., 2012; . Delta-scale subaqueous clinoforms can be either mud-rich or sand-prone (e.g., in the 'infra-littoral prograding wedges' of Hernández-Molina et al., 2000a) . Recent delta-scale sand-prone subaqueous clinoform bodies are usually composed of fine-grained sands, but their average grain-size may range from very fine-grained (e.g., New Zealand) to medium-grained (e.g., southern Iberia, south-east Australia, Monterey Bay) . In previous case studies, mud-and sand-rich subaqueous clinoforms have been treated in isolation (e.g., Hernández-Molina et al., 2000a; Cattaneo et al., 2003) , even though their morphological and environmental similarities outnumber their differences. Herein, all delta-scale subaqueous clinoforms are systematically compared, irrespective of their grain size.
Subaerial deltas are actively affected by river input, whereas subaqueous clinoforms are formed in shallow marine environments where sediment advection driven by basin dynamics (e.g., waves, tides and currents), rather than river discharge, is the principal mechanism by which sediment dispersal and deposition occur (e.g., Pirmez et al., 1998; Driscoll and Karner, 1999; Adams and Schlager, 2000; Hernández-Molina et al., 2000a; Cattaneo et al., 2003 Cattaneo et al., , 2007 Swenson et al., 2005; Mitchell, 2012; Mitchell et al., 2012) . As a consequence, subaerial clinoforms are oriented normal or radial to the sediment input direction at a river-mouth point source (Barrell, 1912; Bates, 1953; Bhattacharya, 2006) . In contrast, the elongated plan-view geometries typical of delta-scale subaqueous clinoforms strike parallel to the alongshore advective transport belt that feeds and sculpts them (Fig. 4; Field and Roy, 1984; Driscoll and Karner, 1999; Hernández-Molina et al., 2000a; Cattaneo et al., 2003 Cattaneo et al., , 2007 Liu et al., 2007; Fernández-Salas et al., 2009; Mitchell et al., 2012; . As shown schematically in Fig. 4 , significant near-bed shear stresses in shallow-marine areas marked by high-energy waves, tides and/or currents often prevent deposition along subaqueous clinoform topsets, causing topographic flattening and bypass of these areas through lateral advection and resuspension of sediment (Pirmez et al., 1998; Driscoll and Karner, 1999; Swenson et al., 2005; Cattaneo et al., 2007) . Time-averaged deposition occurs preferentially just seaward of the topset-to-foreset rollover point, where wave-and current-induced, near-bed agitation declines below the threshold of sediment motion (Mitchell, 2012; Mitchell et al., 2012) , causing maximum sediment accumulation rates in the upper foreset region of most clinoforms. The along-strike uniformity of subaqueous deltas is due to the energetic hydrodynamic forces active on the shelf, whereas in their subaerial counterparts, high-frequency allogenic forcing and autogenic behaviours result in very rapid episodes of local progradation that alternate with periods of abandonment, erosion and retreat (Cattaneo et al., 2003; Correggiari et al., 2005) . Fig. 3 . The three main types of delta-scale clinoform configurations, with reference to their characteristic depositional profiles on the western Adriatic shelf (Cattaneo et al., 2003 (Cattaneo et al., , 2007 Correggiari et al., 2005) . (A) Isolated subaerial delta clinoforms, such as at the mouth of the present-day Po River; (B) delta-scale compound clinoforms, comprising a shoreline or subaerial delta clinoform and a time-equivalent subaqueous delta clinoform, formed along the western Adriatic shelf to the south of the Po River mouth; (C) isolated subaqueous delta clinoform offshore of the Gargano peninsula on the south-western Adriatic shelf, onlapping onto a pre-existing erosional substrate.
Aims
A systematic, quantitative review of clinoforms and clinoform geometries has never been published in the scientific literature. This makes pin-pointing the differences between different scales of clinoforms difficult and often subjective. In addition, the model of delta-scale sand-prone subaqueous clinoforms proposed by Hernández-Molina et al. (2000a) , Mitchell et al. (2012) and Patruno et al. (2015, in press) provides an interpretative template that may be applicable to other ancient shallow-marine strata. Their very existence indicates that deltascale clinoforms in the rock record or in seismic reflection data should not be automatically linked to ancient shoreline positions, even if they are sand-rich, as their toeset-to-foreset rollovers may have been formed at up to 60 m water depth . However, in the absence of sedimentological characterisation, it is at present impossible to distinguish whether an ancient delta-scale clinoform was formed at the shoreline or in a subaqueous setting.
In order to improve our understanding of these different clinoform types, this study analyses a large architectural and chronological dataset of modern and ancient delta-scale, shelf-prism and continental-margin clinoforms in order to: (1) test the existence of geomorphological proxies to constrain the depositional water depth of clinoforms; (2) characterise diagnostic architectural, sedimentological and stratigraphic features of compound clinoform systems, and particularly of delta-scale subaqueous clinoforms; (3) construct a data-driven interpretation methodology that allows delta-scale subaqueous clinoforms to be interpreted in seismic reflection, sedimentological and/or stratigraphical data; and (4) elucidate the impact of this hitherto underappreciated depositional system on existing sequence stratigraphic models.
Definition of terms and parameters
The term 'shelf' is here utilized to refer to the 'subaqueous marine shelf' (sensu Burgess and Steel, 2008; Olariu and Steel, 2009 ), which has a low overall gradient (typically 0.01-0.02°, but as steep as 0.7°; Asquith, 1970; Olariu and Steel, 2009) and is located between the shoreline break and shelf-edge break. Using this definition, the whole of a subaqueous delta clinoform forms part of the shelf. The shelf-edge break is identified at the first change in bathymetric gradient occurring at water depths of 50-300 m (Shepard, 1959; Wear et al., 1974; Southard and Stanley, 1976; Olariu and Steel, 2009 ) and with a minimum total bathymetric relief of 100 m (Henriksen et al., 2009; Helland-Hansen and Hampson, 2009; Fig. 1A-B) . This definition implies that non-erosional shelves correspond to the topset component of shelf-prism clinoforms and to the bottomset of subaerial delta and shoreline clinoforms (Burgess and Steel, 2008) , and that shelf-prism trajectories approximately demarcate neritic and bathyal subaqueous environments (Henriksen et al., 2009) .
Shelf-prism clinoforms and continental-margin clinoforms (Figs. 1A; 2C) are here differentiated because, in certain cases, the seaward termination of a shelf-break slope is not situated on the oceanic crust, but lies above another sub-horizontal, bathyal platform over the continental crust (e.g., Florida Hatteras Slope to Blake Escarpment system, Fig. 2C , Schlee et al., 1979 ; submarine shelf offshore California, Fig. 7C -OC). In these cases, the continental margin is situated seaward of this submarine plateau or platform, and may be marked by a further clinoform whose position is primarily controlled by the transition between continental and oceanic crust. However, in most present-day shelves, shelf-break and continental-margin clinoforms are coincident. . Three-dimensional scheme portraying the main architectural features and the typical oceanographic environment of present-day delta-scale compound clinoforms, such as the western Adriatic shelf (Cattaneo et al., 2003 (Cattaneo et al., , 2007 and the western Yellow Sea (Liu et al., 2006 . Shore-parallel coastal currents contribute to the uniform growth of the subaqueous clinoform, by along-shelf redistribution of sediments fed by fluvial input points. Offshore currents influence the overall shore-parallel strike-direction of the subaqueous clinoforms. Downwelling currents transport shoreface sediments offshore, thereby sustaining the overall growth and progradation of the subaqueous clinoform perpendicular to the alongshore currents that feed it. In well-documented modern examples, the position of subaqueous clinoform bottomsets is controlled by seafloor-hugging offshore currents flowing parallel to the clinoform strike and/or by upwelling processes, which force sediment transport along clinoform strike rather than offshore (e.g., Cattaneo et al., 2003 Cattaneo et al., , 2007 Liu et al., 2006 Liu et al., , 2007 . Table 1 Clinoforms and clinoform sets analysed using direct measurements from published cross sections, thickness and facies maps. Abbreviations are used in Figs. 6-11. The classification of subaerial deltas by Orton and Reading (1993) comprises both information about the dominant grain size (MS = mud-silt; FS = fine sand; GR = gravel) and the dominant depositional processes (I = input; w = waves; t = tides). In brackets we have added the estimated dominant grain-size at the river mouth.
Type
Location Subaerial delta classification Orton and Reading (1993) Holocene-Recent -0.08°to +0.16°HHs Liu et al. (2004), Figs. 8, 9, 10, 11, 13; Yang and Liu (2007) , Fig. 2A Table 2 Clinoforms and clinoform sets analysed using measurements taken from published literature compilations (i.e. not directly measured by the authors). Abbreviations are used in Figs. 6-11. Clinoform topset and foreset slope gradients are assumed to equate to the parameters 'average delta plain gradient' and 'average upper delta slope gradient' of Orton and Reading (1993) . Delta bottomset slopes are assumed to equate to average shelf gradient (e.g., Olariu and Steel, 2009 ). Classification of subaerial delta type is after Orton and Reading (1993) , and is based on both dominant grain size (GR =m gravelly sand; FS = fine-grained sand; MS = mud-silt) and dominant depositional processes (i = input; w = wave; t = tide). References are cited as follows: (a) Orton and Reading (1993) ; (b) Burgess and Hovius (1998) ; (c) Olariu and Steel (2009) ; (d) Howell et al. (2008) ; (e) Bristow and Pucillo (2006 More generally, the clinoform nomenclature used throughout this article stresses the idea of different scales of clinoforms, following a recognisable trend in recent literature (e.g., Henriksen et al., 2009; Helland-Hansen and Gjelberg, 2012) . As a consequence, the difference between continental-margin and shelf-prism clinoforms is here based primarily on their respective heights. Shelf-margin clinoforms located at the boundary between continental and oceanic crust (as is normally the case), but characterised by an overall height of 100-1000 m, are here still classified as 'shelf-prism'-scale clinoforms. Conversely, clinoforms showing a total relief greater than 1000 m are here classified as 'continental-margin'-scale clinoforms, even if they occur at a significant distance from the continental-oceanic crust boundary. The results of this work prove that such a distinction is indeed meaningful, because 'continental-margin' and 'shelf-prism' clinoforms are characterised by conspicuously different morphologies, clinoform trajectories and rates of aggradation, progradation and sediment flux. In this work, several clinoform architectural and geochronological parameters have been measured from published cross-sections, maps and other data (Fig. 6, Tables 1 and 2 ). Below, and in Fig. 5 , these parameters are briefly defined. On the cross-sectional profile of a clinoform surface, two points of maximum curvature ('rollover points') are usually located landward and basinward of the point of maximum slope gradient ('inflection point'; Fig. 5 ). Upper and lower rollover points are centred respectively on the upward-convex topset-to-foreset transition of a clinoform surface (e.g., Fig. 1A -B) and on the upward-concave foreset-to-bottomset transition of a clinoform surface. The positions of these two prominent breaks-in-slope subdivide the clinoform surface into a steeper central area ('foreset') and two gently-sloping areas, respectively landward ('topset') and basinward ('bottomset' or 'toeset') of the rollover points (Barrell, 1912; Mitchum et al., 1977; Pirmez et al., 1998; Fig. 5) . Bottomsets and topsets are here subdivided into inner and outer parts, based on the positions of the points where bottomset and topset become horizontal or conformable with the underlying surface (clinoform 'toe point' and 'head point', respectively; Pirmez et al., 1998; Fig. 5) . The height and dip extent of a foreset (Fh, Fd), outer topset (Th,Td) and inner bottomset (Bh, Bd) are determined by the vertical and horizontal distances between the toe point, the two rollover points and the head point of the clinoform (Fig. 5 ). The elevation of the inflection point (Ih) is measured from the toe point, whereas the 'total clinoform relief' (Hh) corresponds to the vertical distance from the toe point to the head point of a horizontal topset or to the shallowest point at the mouth of the river in the case of a sloping topset (Pirmez et al., 1998; Fig. 5) . A parameter named 'shape ratio' (c.f., Fig. 5 ) or 'normalized elevation of the inflection point' (h/H) was defined by Pirmez et al. (1998) as the height of the inflection point (Ih) divided by the clinoform total relief (Hh). This parameter was proposed to quantitatively distinguish symmetrical, sigmoidal clinoforms (h/H b 0.4) from asymmetrical, oblique clinoforms (h/H ≥ 0.4).
Vertical sediment accumulation rate is considered to be the maximum vertical thickness of a clinothem divided by the age difference between the basal and top clinoform surface, which usually corresponds to flooding surfaces. Progradation rate in recent clinoforms is measured as the horizontal distance between the inflection point positions of two dated clinoforms divided by their age difference. Wherever possible for ancient clinoform successions, progradation rate was measured by following the method proposed by Patruno et al. (in press) . Progradation resistance ratio is a dimensionless number corresponding to the ratio between mean vertical sediment accumulation rate and progradation rate calculated along a cross section parallel to the clinoform dip (cf., Patruno et al., in press ). This ratio reflects the (Fig. 1B) . The clinoform inflection point is the point where the gradient reaches maximum values. The inflection zone is defined as a relatively small area around the inflection point, and it is often a more readily observable parameter. The rollover points are the two points of maximum curvature located landward and seaward of the inflection point. The rollover points separate a foreset of steeper gradient from the landward-lying topset and seaward-lying bottomset, which both have gentler gradients. The toe of the clinoform occurs in the bottomset, where the clinoform becomes conformable with the underlying substrate. The clinoform height (H h ) is the difference in elevation between the clinoform toe point and the clinoform head point, where the topset becomes conformable with the underlying substrate. Additional parameters are described in the text. amount of sediment that needs to accumulate vertically in order for the clinothem foreset to prograde for a single unit of distance. Akin to the electrical resistance, this parameter represents the measure of the cumulative 'environmental' opposition to clinoform progradation (e.g. factors like initial water depth, current distribution and strength, local tectonics). The cross-sectional net sediment flux is the product of progradation rate and mean thickness of a clinothem, both measured along a cross section parallel to the depositional dip. This parameter was defined by Burgess and Hovius (1998) and Patruno et al. (in press) , and is equal to the initial river-fed sediment input rate, minus the sum of the rates of sediment addition by deposition and removal by erosion down depositional dip (e.g., by gravity flows) and the rate of sediment addition or removal by out-of-plane transport (e.g., by alongshore currents).
Recent delta-scale compound clinoforms
Plan views and cross sections oriented parallel to the depositional dip of twenty recent delta-scale compound clinoforms are located in Fig. 6 and presented in Figs. 7-10 and in Table 3 . These systems are either formed by deltaic systems (e.g., off the mouth of the Yangtze, YellowShandong, Ganges-Brahmaputra, Amazon, Fly, Orinoco, Shoalhaven, Atchafalaya, Salinas, San Diego, Manawatu, Rhone, Tiber, Arno-Cecina and Italian Adriatic rivers), or are not directly related to river mouths (e.g., mid-shelf clinoforms off the coast of southern Spain, southern Portugal, south-eastern Australia, western Ascension Island). Detailed cross sections of modern delta-scale subaqueous clinoforms, based on interpretations of seismic reflection profiles, are shown in Fig. 10 .
A wealth of publications exists for many recent delta-scale subaqueous clinoforms and associated compound clinoforms. The reader is referred to Hori et al. (2001) and Liu et al. (2006 Liu et al. ( , 2007 (Yangtze River delta); Bornhold et al. (1986) , Alexander et al. (1991) , Liu et al. (2004) and Yang and Liu (2007) (Yellow River delta and subaqueous Shandong delta); Kuehl et al. (1997 Kuehl et al. ( , 2005 , Michels et al. (1998) , and Palamenghi et al. (2011) (Ganges-Brahmaputra River subaqueous delta); Kuehl et al. (1986) , Nittrouer et al. (1986 Nittrouer et al. ( , 1996 and Methling et al. (1996) Tables 1 and 2. physiographic features typical of delta-scale subaqueous and compound clinoforms, and occur in close proximity to previously documented examples. For example, the Arno-Cecina (Italy), Shoalhaven (south-eastern Australia) and San Diego (USA) deltas are situated respectively along-strike of the Tiber, Port JacksonBate Bay-Botany Bay and the Oceanside subaqueous and compound clinoforms (c.f. Mitchell et al., 2012) , even though they may not represent a unique, continuous subaqueous system. In the case of the Rhone delta, a compound clinoform interpretation is also supported by Holocene sediment isopach and grain-size maps published by Gensous and Tesson (1997) , Tesson et al. (2000) and Labaune et al. (2005) .
Bathymetric contours and cross sections in Figs. 7-10 have been drawn using the Global Multi-Resolution Topography dataset of Ryan et al. (2009) , and areas of relatively steep gradient on the inner-tomid-shelf have been highlighted in the maps by grey shading. These steep areas form shoreline-parallel belts that generally correspond to the foresets of actively accreting clinoforms, although in some cases they may correspond to steep erosional surfaces (e.g., south-eastern Australia coastlines; Field and Roy, 1984) . In most examples, it is possible to distinguish a subaerial delta clinoform at the shoreline, a subaqueous delta clinoform in the middle of the shelf, and a clinoform marking the shelf edge (shelf-prism or continental-margin clinoform). In most of the examples presented here, maps of Late Holocene sediment thickness support the interpretation of actively accreting clinoforms situated at the three present-day breaks in bathymetric gradient (e.g., Nittrouer et al., 1986; Gensous and Tesson, 1997; Michels et al., 1998; Cattaneo et al., 2003 Cattaneo et al., , 2007 Liu et al., 2004 Liu et al., , 2007 Lobo et al., 2005; Yang and Liu, 2007; Le Dantec et al., 2010) . Below, we summarise four representative and particularly well-documented examples of recent delta- scale subaqueous clinoforms and compound clinoforms, before drawing general observations from comparisons between the associated maps and cross sections (Fig. 12) .
3.1. Example 1: Po subaerial delta and Adriatic subaqueous delta clinoforms Cattaneo et al. (2003 Cattaneo et al. ( , 2007 used high-resolution CHIRP sonar profiles and bathymetric data to constrain the architecture of Late Holocene muddy subaqueous clinoforms that are actively accreting on the western Adriatic shelf margin, offshore eastern Italy (Figs. 3, 7A-AD, 8A1, 10PO-GA). Biostratigraphic and chronostratigraphic data from cores were used to define a high-resolution chronology for the clinoformbearing strata. The Adriatic subaqueous clinoform set is a laterally extensive (ca. 600 km), mud-rich belt that strikes parallel to the current Italian coastline, from the Po Delta in the north to the Gargano peninsula in the south. It is up to 35 m thick and clinoform foresets dip up to 0.5°. Adriatic shelf clinoforms started to form after the attainment of the Holocene sea-level highstand (6.5-5.5 ka), and are still prograding perpendicular to the north-to-south flowing Western Adriatic Coastal Current that drives shore-parallel advective sediment transport from the Po river and numerous other, smaller Adriatic rivers. The clinoform is compound in the north (Fig. 3B ) and has a subaqueous clinoform topset-to-foreset rollover at a water depth of 8 m. In contrast, an isolated subaqueous clinoform is developed in the south ( Fig. 3C ) with a subaqueous clinoform topset-to-foreset rollover at a water depth of 30 m. Despite the absence of direct river supply in the southern portion of the clinoform set, the subaqueous delta accounts for up to 14% of the total volume (180 km 3 ) of the mud belt. Southward-flowing, bottomhugging shelf currents play an important role in redistributing the sediment southwards and in limiting sedimentation in the bottomset region, by trapping most of the sediment on the inner shelf and forcing it along-shore rather than across-shelf. Lead isotope dates from several cores document a maximum sedimentation rate of up to 1.5 cm/yr in the clinoform foreset, and discrete episodes of active clinothem outbuilding separated by periods of condensed sedimentation. The onset of the most recent subaqueous clinothem-building phase is coeval with the initiation of major progradation of the subaerial Po Delta at the beginning of the Little Ice Age, about 500 years ago (Cattaneo et al., 2003; Correggiari et al., 2005) .
Example 2: Yangtze subaqueous delta clinoforms
Since the Holocene relative sea-level highstand at 6-7 ka BP, the Yangtze (Changjiang) River has delivered ca. 1.7 × 10 12 t of sediment to the coastline and submarine shelf, forming a broad tide-dominated subaerial delta (Hori et al., 2001 ) and an associated muddy subaqueous delta (Liu et al., 2006 Figs. 7A-YG, 8A7, 10YGs) . Interlaminated sand-mud couplets and bidirectional ripple cross-laminations in the sediments of the subaerial delta indicate a strong tidal influence (Hori et al., 2001 ). The subaqueous delta forms a silt-to-clay-rich, sigmoidal clinothem oriented parallel to the coastline. This stretches along-shelf from the river mouth for 800 km, and extends across-shelf for up to nearly 100 km (Liu et al., 2006 . Holocene subaqueous-delta clinoforms downlap onto a sub-horizontal, post-glacial, sandy transgressive layer (Fig. 7YG) , and form a mud wedge encompassing a total volume of 4.5 × 10 11 m 3 ; this accounts for approximately half the (2009): (A) macro-scale system, characterised by a horizontal distance between shoreline and subaqueous delta rollover point of ≥10 km, and most commonly well in excess of 50 km (Fig. 7A) ; (B) meso-scale systems, with a horizontal distance between shoreline and subaqueous delta rollover point of ca. 7-10 km (Fig. 7B) ; and (C) micro-scale systems, characterised by a horizontal distance between shoreline and subaqueous delta rollover point of ≤7 km, and most often of only 1-2 km (Fig. 7C) . The horizontal grey bars highlight the water depth ranges for subaqueous clinoform rollover points in macro-, meso-and micro-scale systems, respectively.
current annual sediment discharge of the Yangtze . Subaqueous clinoform foresets are situated between the 20 and 30 m isobaths, corresponding to the main clinothem depocentre, which exhibits a maximum thickness of ca. 40 m. Bottomsets reach distances of up to 100 km offshore and terminate in water depths of 60-90 m (Liu et al., 2006 .
14 C chronology indicates that average progradation rate of the subaerial delta since 5 ka BP was ca. 50 km/yr, but after 2 ka BP it abruptly increased to ca. 80 km/yr, possibly due to anthropogenic or climatic forcing; maximum sediment accumulation rate in the subaerial delta front has been ca. 3.5 m/kyr (Hori et al., 2001) . 210 Pb data show that maximum sedimentation rates of 430 m/kyr occur in the portion of the subaqueous delta adjacent to the Yangtze subaqueous delta, and decrease both offshore and to the south (Liu et al., 2006 . Mineralogical, geochemical and grain-size analyses suggest that subaqueous deposits have been fed by the alongshore Chinese Coastal Current, which has redistributed sediments sourced predominantly by the Yangtze River towards the south, with minor inputs from smaller local rivers (Liu et al., 2006) . Interaction of strong tides, waves, upwelling and alongshore currents has created an oceanographic setting that has trapped most Yangtze-fed sediment on the inner shelf, forcing it to be transported alongshore rather than across-shelf. This formed a shelfal sediment wedge striking parallel to the shore and precluded sediment escape towards the deep-marine Okinawa Through (Liu et al., 2006) .
Example 3: Ganges-Brahmaputra subaqueous delta clinoforms
The Ganges-Brahmaputra is the world's third largest river feeder in terms of sediment load (Kuehl et al., 1997 Tables 1 and 2. et al. (1998) and Palamenghi et al. (2011) utilized seismic reflection profiles and piston and gravity cores in order to study the GangesBrahmaputra sandy-silty subaqueous deltas, and estimated sediment accumulation rates using 210 Pb and 137 Cs gamma spectrometry. The sigmoidal clinoform formed by the subaqueous delta comprises a very gently-dipping topset and bottomset (0.02-0.04°), and a slightly steeper foreset (ca. 0.19°) (Figs. 7A-GB, 8A5, 10GB). The topset is located in b20 m water depth, whereas the bottomset is located in ca. 80 m water depth, where it overlies an Upper Pleistocene transgressive surface (Kuehl et al., 1997) . Below this depth, no Holocene sediment is preserved (Michels et al., 1998) . About 20% of the total sediment load of the Ganges-Brahamaputra river mouth is deposited on the foreset of the subaqueous clinoform, which is therefore characterised by higher sediment accumulation rates (ca. 50-100 m/kyr) than the bottomset (ca. 30 m/kyr). These interpretations are also supported by seismicreflection profiles showing clinoform reflection surfaces progressively diverging from the topset to the foreset and converging again towards the bottomset (Kuehl et al., 1997) . The clinoform foreset is formed by graded sandy-silty laminae interbedded with clay laminae. The coarsest-grained layers are presumably deposited by sediment-laden underflows generated during tropical storms, with up to 8 m thick mass flows created in the subaqueous delta front area by episodic earthquakes or storms (Michels et al., 1998) . These last deposits are imaged in seismic reflection profiles as transparent units (Palamenghi et al., 2011) . The subaqueous clinoform is actively prograding every year by ca. 12-17 m across the Bengal Shelf. Sediment becomes increasingly finer-grained offshore and westwards, which in combination with analyses of seabed palaeocurrent indicators, suggests that subaqueous clinoforms have been fed by westward-flowing cyclonic currents that transport sediment fed by the Ganges-Brahamaputra river mouth alongshore and offshore (Kuehl et al., 1997) . A large canyon, known as 'Swatch of No Ground', deeply dissects the shelf and the subaqueous Table 3 Parameters extracted from the Global Multi-Resolution Topography bathymetric dataset (Ryan et al., 2009 ), for present-day delta-scale compound clinoform systems (Figs. 7-10 ). The range refers to the 5-to 95-percentile of the statistical distribution. delta front (Fig. 7A-GB) . This canyon captures most of the sediment load carried by the westward-flowing cyclonic currents, allowing shelf bypass of N35% of the fluviatile sediment load towards the deepmarine Bengal Fan. This oceanographic configuration has caused offshelf sediment transport and turbidite deposition to the slope and basin-floor during the Holocene highstand, together with growth faults, slumping and high Holocene sedimentation rate (ca. 500 m/kyr) near the canyon head (Kuehl et al., , 1997 Weber et al., 1997; Michels et al., 1998) . Palamenghi et al (2011) suggest that sediment deposition towards the western part of the subaqueous delta has increased in the last few centuries, with subsequent higher sediment export to the deep-water fan through the 'Swatch of No Ground' canyon. 
Example 4: Southern Iberia subaqueous clinoforms
Sand-prone subaqueous clinoforms dipping sub-parallel to the present-day seabed and striking parallel to the modern shoreline are situated south of the promontory of Capo de Gata (southern Spain, Mediterranean Iberia) and in the proximity of Faro (Portugal, Atlantic Iberia) (Fig. 7C-AL, 8C2, 10AL ). These sandbodies have been described by Hernández-Molina et al. (2000a) , Lobo et al. (2005) and Fernández-Salas et al. (2009) through the use of boomer seismic profiles. The clinoform wedge started to prograde during the Late Holocene sea-level highstand (from ca. 6.5 ka) and it downlaps older transgressive units. The seafloor over which this prograding wedge developed dips relatively steeply offshore (up to 0.50°) and the clinoform foresets within it become progressively steeper seawards. Mean grain sizes of medium-grained and fine-grained sands were described from surface grab samples located respectively 1 km seaward and 1 km landward of the clinoform topset-to-foreset rollover (Hernández-Molina et al., 2000a) . The clinoform set is interpreted to have been generated by storm-related downwelling currents, with associated seawards sediment transport and deposition below fairweather wave base (Hernández-Molina et al., 2000a) . The subaqueous clinoforms offshore southern Spain consist of a series on en-échelon bodies in plan-view (Fernández-Salas et al., 2009) , suggesting that there was also a significant component of alongshore sediment transport. These subaqueous clinoforms are not apparently linked directly to riverine sediment input points. Instead, they onlap onto the underlying substrate and are associated with nondeltaic shorelines and strandplains (e.g., Fernández-Salas et al., 2009).
Comparison and general observations
Map views confirm that all of the identified delta-scale subaqueous clinoforms strike parallel to the adjacent coastline, particularly in systems dominated by waves and currents (Fig. 7A ,B,C; Tables 1 and 2 ). On subaqueous shelves where tides are an important component of the overall hydrodynamic regime (e.g., Amazon and Orinoco systems), the plan-view geometry of delta-scale subaqueous clinoform bodies is less regular (Fig. 7AM, ON ; Tables 1 and 2) .
Cross-sections oriented parallel to depositional dip (Fig. 8) show overall subaqueous clinoform heights of 10-100 m, whilst the dip extent (1-100 km) and hence the gradients of the subaqueous clinoforms are extremely variable. Based on the amount of overall subaqueous clinoform progradation away from the shoreline, it is possible to distinguish three sizes of compound clinoform systems (Fig. 8) : macro-scale (≥ 10 km, and often well in excess of 50 km), meso-scale (ca. 7-10) and micro-scale (≤ 7 km, and most commonly only 1-2 km). The water depth of the topset-to-foreset rollover point is relatively shallow in macro-scale, muddy subaqueous systems linked to major subaerial deltas (ca. 10-30 m depth; Fig. 8A ), but relatively deep in meso-and micro-scale, sandier systems (ca. 20-60 m water depth; Fig. 8B-C) . A likely explanation for this is that the position of the topset-to-foreset rollover point directly reflects the maximum entrainment depth of the upper 10-percentile wave-current traction field (cf., Pirmez et al., 1998; Hernández-Molina et al., 2000a; Cattaneo et al., 2003 Cattaneo et al., , 2007 Mitchell, 2012; Mitchell et al., 2012) , and progressively stronger mean waves are required to transport increasingly coarser-grained sediments. In the transition from macro-scale, muddy deltaic systems towards meso-and micro-scale, sandier deltaic and shoreline systems, the associated subaqueous clinoforms and shelves become steeper and narrower (Fig. 8) .
The average foreset slope gradients of both subaerial and subaqueous components of recent delta-scale compound clinoforms are ≤0.76°in muddy systems and ≥0.39°in sandy systems, with minimum values for muddy systems and maximum values for sandy systems of 0.03°and 6°, respectively (Fig. 9A) . As shown in Fig. 9B , the height of the subaerial clinoform foreset is often greater than one fifth of the height of its subaqueous counterpart in sand-prone compound clinoforms. Values of this ratio in muddy compound clinoforms are generally smaller than 0.2 (Fig. 9B) . The topset-to-foreset rollovers of sand-prone and muddy, delta-scale subaqueous clinoforms occur at distances from the present-day shoreline of 0.6-7.2 km and 7.5-125 km, respectively (Fig. 9C) . Furthermore, mud-prone, subaqueous delta clinoforms are situated on gently-sloping (0.01-0.38°), wide (23-376 km) shelves, whereas sand-prone, subaqueous clinoforms are situated on steep (≥0.26°), narrow (5-32 km) shelves ( Fig. 9B-C ;  Table 3 ).
Modern, delta-scale, sand-prone subaqueous clinoforms tend to occur on steep, wave-dominated, inner shelves where mean wave heights and periods are typically 1-2.5 m and 6-11 s respectively, with a maximum of 2-4.5 m and 8-13 s , and where a relatively high sediment supply is provided by longshore and/ or storm-related downwelling currents (Hernández-Molina et al., 2000a; Xing and Davies, 2002) . Numerical modelling suggests that strong seafloor agitation produced by the combined action of large waves and alongshore and downwelling bottom currents during the rising stage of storms result in net-seaward export of shorefacederived sand (Mitchell, 2012; Mitchell et al., 2012) . The availability of large volumes of reworked sand permits active accretion of sand-rich clinoforms below fairweather wave base by deposition along their foresets. In particular, upper-10 percentile waves are able to entrain sand-grade sediment at the topset-to-foreset rollover depth, and therefore clinoform rollover depth primarily reflects the upper-10 percentile wave base depth. Strong surface winds generate alongshore and seaward-directed (i.e., downwelling) advective bottom currents that may affect sites deeper than 60 m at distances of up to 15 km away from the shoreline. Currents and waves interact in a nonlinear pattern, and comparatively modest increases in current velocities result in much higher combined stresses at the seafloor (Mitchell, 2012; Mitchell et al., 2012) . Furthermore, Friedrichs and Wright (2004) described how the hyperpycnal outflow of certain rivers may be modulated by wave action. This process may potentially aid bypass of riverine sediment across the inner shelf and the generation of delta-scale sandprone subaqueous clinoforms seaward of the mouth of a river (e.g., Monterey Bay clinoforms, off the mouth of the River Salinas; Mitchell et al., 2012) . This type of subaqueous clinoform is composed of sands that are more poorly-sorted than those derived from adjacent shorefaces (e.g., southern Iberia subaqueous clinoforms; Hernández-Molina et al., 2000a; Fernández-Salas et al., 2009 ).
Ancient delta-scale compound clinoforms
Compared to their modern equivalents, there are relatively few documented examples of ancient delta-scale subaqueous clinoforms. Each of these examples is summarised below, with the aid of cross sections showing the clinoforms and their associated stratigraphic architecture (Fig. 11) .
Example 1: Blackhawk Formation subaerial delta and Mancos Shale subaqueous delta clinoforms
Hampson (2010) used large outcrop transects (ca. 200-300 km wide) and a large well dataset (ca. 2800 wells) to reconstruct the sedimentology and stratigraphic architecture of ca. 60,000 km 2 of the Santonian-Campanian, sub-tropical shelf of the Western Interior Seaway (Utah, USA) within a high-resolution (ca. 0.1 to 0.5 Myr) sequence stratigraphic framework. A wave-dominated delta with a compound clinoform morphology was interpreted for the Lower Campanian 'K4' shoreface-shelf tongue of the Blackhawk Formation and coeval Mancos Shale (Fig. 11BK ). This deltaic shelf is characterised by a relatively high sediment accumulation rate (ca. 270 m/Myr) and by a concavelandward, net-regressive shoreline trajectory (N 0.1°). The compound clinoform interpretation was suggested by Hampson (2010) because the 'X', 'Y' and 'Z' middle shelf gravity flow intervals of the Prairie Canyon Member (Mancos Shale) dip palaeoseaward of 0.1-0.2°relative to the underlying flooding surfaces, and correlate with the 'K4' shoreface-shelf 'subaerial delta' clinoform (Fig. 11BK) . The wavedominated shoreline clinoform is sandstone-prone, and is separated by a 2 to 22 km wide belt of nearshore, storm-reworked sandstones from a gently-dipping subaqueous clinoform on the middle shelf. The subaqueous clinoforms in this stratigraphic interval comprise a muddy topset and a foreset composed of gravity-flow siltstones and sandstones, and is part of a N250 km wide, offshore mudstone belt.
Decompacted subaqueous clinoforms were inferred to have been low gradient (ca. 0.2-0.4°), and have a topset depth that implies a storm wave-base at ca. 50-80 m water depth. These geomorphological and facies characteristics are comparable to modern-day subaqueous deltas. Hampson (2010) noted that, in the case of the delta-scale compound clinoform system formed by the sandy 'K4' shoreline clinoforms and by the 'X' to 'Y' subaqueous clinoforms, shoreline progradation distance (9 km) was approximately three times smaller than the coeval subaqueous delta progradation (ca. 20-30 km), thus resulting in a progressive 
Table 4
Typical value ranges for the statistical parameters examined within the clinoform population shown in Tables 1 and 2 . For each clinoform type, the value ranges refer to the 5-to 95-percentile of the parameter statistical distribution. In order to show chronostratigraphically-constrained rate values that can be readily compatible with the short-term (≤10 kyr) data obtained for muddy subaqueous clinoforms, both short-term (≤10 kyr) and longer term (N10 kyr) rates for the other delta-scale clinoforms are displayed in this table. (*) = The foreset gradient of sandy deltas is 0.1-2.7°if Gilbert-type deltas are not considered. However, if small-scale, steep, high-latitude Gilbert deltas are added to the dataset (i.e. Alta, Bella Coola, c.f. 
Example 2: Bridport Sand Formation subaerial delta and Down Cliff Clay Member subaqueous delta clinoforms
The Lower Jurassic Bridport Sand Formation and coeval Down Cliff Clay Member were deposited in ca. 2 Myr in the Wessex Basin, southern UK, in a linked shoreface-to-shelf depositional system. The Bridport Sand Formation is dominated by bioturbated storm-event beds with calcite-cemented bioclastic lag horizons, which were deposited in an offshore transition to lower shoreface environment. These strata form 10-40 m thick, upward-shallowing units that overlie laterallyextensive, mudstone-rich horizons (Morris et al., 2006) . The Down Cliff Clay Member comprises calcareous bioturbated mudstones that record deposition in an offshore transition to offshore environment (Morris et al., 2006) . 2D and 3D seismic data calibrated with wells from the onshore Wytch Farm Field indicate that each upwardshallowing, shoreface-to-shelf unit of the Bridport Sand Formation corresponds to a steeply-dipping (2-3°), delta-scale, progradational clinoform set that downlaps onto the topset of a similar progradational clinoform set in the Down Cliff Clay Member (Morris et al., 2006; Hampson et al., in press;  Fig. 11BR ). Each clinoform set represents a duration of ca. 0.5 Myr, downlaps onto a basal maximum flooding surface and is likely arranged into a compound clinoform system (Hampson et al., in press ). According to this interpretation, these systems comprise a subaerial delta clinoform composed by shoreface sediments (Bridport Sand Formation), grading seawards into an outer finer-grained, middle shelf clinoform (Down Cliff Clay unit) that displays a nearly linear plan-view geometry.
Example 3: Sognefjord Formation subaqueous delta clinoforms
The Upper Jurassic Sognefjord Formation forms a 100-300 m thick, coarse-grained, regressive-transgressive clastic wedge of ca. 6 Myr duration, developed on the eastern flank of the Northern North Sea rift system, offshore Norway (Vollset and Doré, 1984; Steel, 1993; Stewart et al., 1995; Fraser et al., 2002; Dreyer et al., 2005) . Offshore shales of the Heather Formation occur above and below this sandstone-rich wedge and represent periods of tectonically-driven transgression (Steel, 1993; Ravnås et al., 2000; Fraser et al., 2002) . The internal stratigraphic architecture of the Sognefjord Formation is dominated by the progradational-to-aggradational stacking of sandstoneprone clinoform sets, which are separated by basin-wide flooding surfaces (Patruno et al., 2015, in press; Fig. 11SG) . Clinoform sets in the lower part of the Sognefjord Formation are linear in map view, strike parallel to the rift-margin fault (NNE-SSW), and are laterally extensive for at least 30 km along depositional strike (Dreyer et al., 2005; . Within each clinoform set, there is a progressive basinward increase in clinoform height (from 10-30 m to 60-70 m), foreset slope angle (from 1-6°to 16°) and along-strike length (from 1 km to 6 km), and a basinward decrease in clinoform dip extent (from 3000 m to 200 m) . Clinoform foresets also exhibit distinct facies changes down depositional dip, becoming coarser-grained and more dominated by current-driven tractional structures in a basinward direction (Dreyer et al., 2005; Patruno, 2013; Patruno et al., 2015, in press ).
The Sognefjord Formation was deposited by a deltaic system sourced from the Norwegian mainland that prograded westwards across a stable rift-margin platform for tens of kilometres, through incremental deposition of west-dipping clinothems (Stewart et al., 1995; Dreyer et al., 2005; Patruno et al., 2015, in press ). The thicknesses of clinoform sets (10-60 m), clinoform foreset slope gradient (1°-14°) and inferred clinoform progradation rates (ca. 10-500 km/Myr) are compatible with those of modern coarse-grained deltas with small catchment areas . Based on analysis of sedimentological facies in cores and stratigraphic relationships in 3D seismic reflection data from the Troll Field, Patruno et al. (2015) interpret that the clinoforms were deposited in a fully subaqueous delta. This interpretation is based on the following evidence: (a) absence of subaerial facies in cores; (b) presence of well-developed topsets in most the clinoforms observed; and (c) laterally-extensive, plan-view geometry orientated parallel to the shelf-edge break and to the alongshore currents that are inferred to have fed them.
Example 4: Calcarenite di Gravina subaqueous clinoforms
The progradational units in the lower member of the PliocenePleistocene Calcarenite di Gravina unit are exposed in outcrops near the city of Matera (southern Italy), and comprise wave-dominated shoreline to offshore calcirudite and calcarenite facies (Pomar and Tropeano, 2001 ). These deposits form laterally extensive clinothems that strike parallel to the palaeo-shoreline and prograded seawards below wave base. High-angle (up to 35°) foresets are composed of offshore-transition sediments that downlap onto fine-grained offshore deposits. These sandbodies are interpreted by Pomar and Tropeano (2001) to represent avalanches of shoreface sand-to gravel-grade sediments, transported along shoreface-shelf depositional slopes by wind-driven storm waves and currents and subsequently emplaced in a subaqueous shelfal setting below wave base. Progradational clinoform sets correspond to upward-shallowing parasequences formed during relative sea-level stillstands or during falling relative sea-level, and are underlain by flooding surfaces and/or transgressive lag deposits. Evidence of subaerial exposure is absent in each offshore-transitiondominated delta-scale subaqueous clinothem, although a subaerial erosional surface may have formed above the beachface deposits of the coeval, thin, subaerial delta clinothems during forced regression. The overall parasequence stacking pattern is retrogradational, with clinoforms onlapping onto a Cretaceous limestone substrate, reflecting tectonically forced transgression (cf., Pomar and Tropeano, 2001 ). Pomar et al. (2002) analysed the facies belts and depositional profile of the distally-steepened, Tortonian carbonate ramp outcropping along the sea cliffs of Menorca (Balearic Islands, Spain). Palaeoshorelinedetached, cross-bedded, coarse-grained grainstones were deposited below wave base on the Lower Tortonian carbonate ramp (Fig. 11MN) . Fan deltas and beach deposits at the palaeoshoreline (subaerial delta) pass down-slope into 5 km-wide, gently-dipping topset strata in the inner-middle ramp, then into 12-20°foreset beds on the ramp slope and, eventually, into sub-horizontal bottomset strata in the outer ramp (subaqueous clinoform). The fan deltas and beaches at the palaeoshoreline contain continental conglomerates and red sandstones, structureless conglomerates, pebbly sandstones and beach face deposits. The subaqueous topset area is composed of bioturbated dolo-packstone; the subaqueous foreset strata contain dolo-grainstone/rudstone and, lower on the slope, are dominated by turbiditic and debris flow deposits and by sediment reworking by shore-parallel bottom currents. The bottomset basinal area contains mostly fine-grained dolo-packstone to dolo-wackestone, interbedded with distal turbidites and alongshoretransported grainstones at the toe of the slope. Coarse-grained carbonates are widespread on this ancient shallow-marine ramp, which are not subject to the usual decrease in grain-size with water depth along the ramp depositional profile (Fig. 11MN) . Coarse-grained deposits occur: (1) on the beach/palaeoshoreline; (2) at 40-70 m water depth on the subaqueous topset, where medium-scale coarse-grained grainstone bedforms are oriented parallel to the palaeoshoreline; (3) on the subaqueous foreset area, as in-situ rhodoliths and small-scale subaqueous dunes migrating parallel to the slope; (4) at the transition between the subaqueous foreset and bottomset, as rudstone-grainstone slide/slump scar infills; and (5) at ca. 150 m of estimated water depth at the toe of the bottomset, as coarse skeletal grainstone bedforms migrating parallel to the clinoform strike. Sediments in settings deeper than the inner ramp were continuously reworked by ubiquitous, westward-flowing, shore-parallel bottom currents, and by likely upwelling currents. Pomar et al. (2002) indicate that, without threedimensional facies and bathymetric reconstructions, a similar succession may be interpreted as a shoal-rimmed carbonate shelf.
Example 5: Calcareous Grainstone subaqueous clinoforms, Miocene, Menorca

Dataset and methodology for quantitative comparative analysis of clinoforms
Quantitative comparative analysis of parameters directly measured from published cross-sections oriented parallel to clinoform dip was carried out for 47 clinoform systems belonging to continental margin, shelf prism, subaqueous delta, and subaerial delta categories (Table 1 ). All the parameters defined in Fig. 5 were systematically measured following a comparable methodology to that applied to the clinoforms listed in Table 1 . Some quantitative data measured by previous authors and describing a further 44 recent subaerial delta and shelf-prism clinoform sets and 15 ancient subaerial delta clinoform sets was additionally taken from published compilations (Orton and Reading, 1993; Burgess and Hovius, 1998; Bristow and Pucillo, 2006; Howell et al., 2008; Olariu and Steel, 2009 ) and utilized in the analysis ( Table 2 ). The resulting global dataset characterises modern and ancient clinoforms developed in various environmental and climatic settings (Fig. 6) .
For each clinoform that has been directly measured from published seismic cross sections and maps (Table 1 ), the geometrical parameters described in Fig. 5 were systematically recorded. Furthermore, where possible, the water depth of the rollover point (wd) was measured, and if chronological data were available, average vertical sediment accumulation rate (Sv), clinoform progradation rate (P), cross-sectional net sediment flux (F) and progradation resistance ratio (R) were also estimated. The parameter 'duration' (Age) represents the time span over which these average chronostratigraphic measurements have been calculated, based on the available chronological data. Published quantitative data for additional clinoforms (Table 2) were used to get estimation of only a handful of available parameters: foreset slope gradient (Fs), bottomset slope gradient (Bs), topset slope gradient (Ts), water depth of the rollover point (Wd), average vertical sediment accumulation rate (Sv), clinoform progradation rate (P), cross-sectional net sediment flux (F), progradation resistance ratio (R), duration (Age), and clinoform trajectory as defined by successive positions of the upper rollover point (CT; only for ancient systems). Given the limitations imposed by seismic data resolution discussed earlier, parameters that describe bottomsets and topsets essentially refer to 'inner bottomsets' (between lower rollover point and clinoform toe point; Fig. 5 ) and 'outer topsets' (between clinoform head point and upper rollover point; Fig. 5 ).
Results of quantitative comparative analysis of clinoforms
Delta-scale, shelf-prism and continental-margin clinoform types are characterised by different geomorphological and stratigraphic parameters, and tend to occupy different fields of graphs were parameter pairs are plotted against each other (Figs. 12-15 ). For each clinoform type, ranges formed by the 5-to 95-percentile of the values of each geometric and chronostratigraphic parameter are summarised in Table 4 . Relationships between these parameters are investigated in a series of crossplots, which show best-fit lines generated by least-square regression methods for moderate or strong correlations (coefficient of determination, R 2 = 0.5-0.8 and 0.8-1.0, respectively) ( Figs. 15-16 ; Tables 5 and   6 ). The equations describing best-fit lines between parameter pairs showing a moderate-to-strong correlation are shown in Tables 7 and  8 . Best-fit lines have been plotted by utilizing either linear, power-law or second-degree polynomial functions. The function type that shows the best fit to the data (i.e., characterised by the highest R 2 value) has generally been selected for each parameter pair. The only exceptions are polynomial functions that give tightly curved best-fit lines with minima that are poorly constrained by data control, which are considered to be geologically unreasonable. In these cases, the second bestfit function type has been chosen (e.g., Fig. 15I-K) . Two types of relationships between parameters are observed. The first type comprises positive and negative correlations between parameters from the same dimensional domain (e.g., heights of the different portions of a clinoform) or from related dimensional domains (e.g., height versus down-dip extent of a certain clinoform portion). The second type comprises positive and negative correlations between parameters from different dimensional domains that were not derived from each other (e.g., slope gradient of a certain clinoform portion versus height of another clinoform portion; duration versus water depth of rollover points). This second type of relationship is perhaps more meaningful, because it highlights potential links between parameters that are not directly related. The presence of several strong correlations between these parameters is remarkable in its own right, as it indicates that all clinoforms, despite the differences in scales, palaeoenvironments and grain size, are subject to the same physical laws, which can be described quantitatively by our regression equations. These equations are potentially powerful tools that enable estimation of unknown parameters by utilizing other known parameters extracted from clinoforms. Furthermore, both modern and ancient clinoforms follow the same trends.
Despite a large lithological variability, subaerial delta-scale clinoforms are here treated as a unique group, since mud-and sand-dominated deltas are characterised by remarkably similar morphological and stratigraphic parameters (Table 4) . Small-scale, coarser-grained Gilbert-type deltas represent the only exception. These systems are usually characteristic of high latitude zones with a narrow and steep hinterland, and often discharge water and sediment into freshwater lakes. Gilbert deltas form remarkably steeper and smaller clinoforms, and deserve to be treated as a separate group. Due to the absence of a statistically significant number of seismically imaged Gilbert deltas, however, this group is not represented in the statistical analyses of Figs. 13-16 and Tables 5  and 7. 6.1. Morphological parameters and correlation relationships 6.1.1. Clinoform heights
The examined dataset demonstrates that progressively larger scale clinoforms are deposited in increasingly deeper waters and over progressively larger time spans (Figs. 13F, 15K-L; Tables 4 and 8), as described by strong correlations between these parameters (Tables 7  and 8 ). Topset-to-foreset rollovers of subaerial delta clinoforms occur at b5 m water depth, whereas the corresponding rollovers in muddy and sandy delta-scale subaqueous clinoform are respectively at 6-59 m and 21-57 m. Topset-to-foreset rollovers of shelf-prism clinoforms (58-530 m) and continental-margin clinoforms (550-1770 m) occur at increasingly deeper water depths. Foreset height and total relief of delta-scale clinoforms are respectively b 60 m and b100 m (Table 4) . Shelf-prism clinoforms and continental margin clinoforms are characterised by foreset heights of 97-300 m and 590-2700 m, and total relief of 140-460 and 670-3050 m (Table 4 ; Fig. 12A-D) .
Clinoform dips
The slope gradients of clinoform inflection zones range from 0.1-1.5°for muddy subaerial and subaqueous deltas, to 0.1-2.7°for sandy subaerial deltas, 0.9-9.8°for shelf-prism clinoforms and 0.9-16.2°for continental-margin clinoforms (Table 4 ; Fig. 12E-G) . These slope angle values indicate that larger clinoforms are characterised by steeper foresets, independent of depositional environment. However, subaerial Gilbert deltas and delta-scale sand-prone subaqueous clinoforms are typically characterised by inflection-point slope gradient values of 0.7-10°, up to a maximum of 23°, similar to those of the much larger shelfprism clinoforms (Fig. 12E-G, Table 4 ). This contrasts strikingly with the maximum slope gradient values of typical sand-prone subaerial deltas (up to 2.7°; c.f. Table 4 , Fig. 12E-F-G) . We propose that these anomalously steep values for foreset slope are a diagnostic criterion for identifying delta-scale sand-prone subaqueous clinoforms. The heights of delta-scale sand-prone subaqueous clinoforms (12-45 m) are similar to those of other delta-scale clinoforms (c.f., Table 4 Table 4 , Fig. 12A-B) . Similar trends are observed for the inner bottomset and the outer topset areas of the clinoforms, which are characterised by heights of b28 m for all delta-scale clinoforms, but smaller dip extents for sand-prone subaqueous clinoforms (ca. 35-1820 m) than for other types of delta-scale clinoform (ca. 175-16,000 m) (Table 4 ; Fig. 12B-E) . This gives rise to very low topset and bottomset slope gradients for both muddy subaqueous and subaerial delta clinoforms (generally b 0.4°), and to much steeper slopes for recent sand-prone subaqueous delta clinoforms (up to 4°; c.f. Table 4 ; Fig. 12H ). In particular, values of inner bottomset slope angle in sandprone subaqueous delta clinoforms (0.1-3.9°) are greater than those in all the other clinoform types at every scale, except for continental margin clinoforms (0.3-3.9°, c.f. Table 4 ; Fig. 12H ). These steep bottomset slope gradients are another diagnostic criterion of sandprone subaqueous delta clinoforms.
Cross-sectional clinoform morphology
As shown in Fig. 13A -B and Table 4 , the greatest values of shape ratio (h/H; c.f. Fig. 5 ) occur in subaerial delta clinoforms (0.38-0.88), with progressively lower values exhibited by continental-margin clinoforms Fig. 16 . Delta-scale compound clinoforms plotted on the tripartite classification scheme of Galloway (1975) for deltas. An arrow links each subaerial delta with its subaqueous delta counterpart. The positions of the subaerial delta clinoforms are derived from Orton and Reading (1993) and Galloway (1975) . Approximate positions of the corresponding subaqueous delta clinoforms are inferred from the magnitude of waves and tides in the receiving basins for modern systems and from core-based facies analysis for ancient systems (supporting references listed in Tables 1 and 2 ). Qualitative changes in plan-view morphology of coeval subaerial and subaqueous delta clinoforms are also shown, and related to spatial changes in sedimentary processes.
(0.38-0.76), shelf-prism clinoforms (0.33-0.69) and subaqueous delta clinoforms (0.11-0.68). Pirmez et al. (1998) proposed that oblique and sigmoidal clinoforms are characterised by values of shape ratio respectively higher and lower than 0.4. Although the ranges of shape ratio show overlap between the different types of clinoforms, the cross-sectional morphology of subaerial and subaqueous delta clinoforms can be used to an extent as a feature to distinguish them, with subaerial delta clinoforms being more oblique and subaqueous delta clinoforms being more sigmoidal, irrespective of grain size.
Parameter correlations
Moderate-to-strong positive correlations are observed for morphological parameters in three groups: (1) between the total vertical relief of clinoforms and the heights of their constituent foresets, bottomsets and topsets (Fig. 14A-C , J-K, R); (2) between the dip extents of clinoforms and their constituent foresets, bottomsets and topsets (Fig. 14D-F , M-N, T); and (3) between the slope gradients of clinoform inflection zones, foresets, bottomsets and topsets (Figs. 14G-I, 15O-P, U). Values of bottomset height and down-dip extent are weakly correlated (Fig. 14Q) . Very strong correlations (R 2 N 0.97) are noted between Tables 2 and 8 , and discussed in the text. Both types of compound clinoform are usually characterised by oblique subaerial delta clinoform morphologies and sigmoidal subaqueous clinoform morphologies. Intermediate systems between these two end members exist. In particular there are several examples of relatively sand-rich subaerial deltas associated with muddy subaqueous counterparts (e.g., Po, Ganges-Brahamaputra, c.f. Fig. 16 ). Muddy subaerial deltas associated with sandy subaqueous deltas have not been reported.
slope angles of foresets and inflection zones for all clinoforms (Fig. 14G) , and between the total relief of all clinoforms and their foreset heights (Fig. 14A ).
In the case of delta-scale sand-prone subaqueous clinoforms, strong negative correlations were observed between the dip extents and slope gradients of clinoforms, and between the same parameters for their constituent foresets, bottomsets, topsets and inflection zones (Figs. 14L,S,V, 15A-H) . Furthermore, delta-scale sand-prone subaqueous clinoforms with narrower clinoform dip extents also show larger values of shape ratio (Fig. 15I ). These correlations demonstrate the quantitative nature of the relationships between dip extents and slope gradients in delta-scale sand-prone subaqueous clinoforms, and reveal that narrower and steeper delta-scale subaqueous clinoforms are characterised by progressively more asymmetric, oblique geometries (Tables 7 and 8 ). Similar correlations do not occur in the dataset of all clinoform types, suggesting that they can be regarded as additional diagnostic criteria for recognition of delta-scale coarse-grained subaqueous clinoforms.
6.2. Chronostratigraphically-constrained parameters 6.2.1. Rates of progradation, vertical sedimentation, unit-width depositional flux Clinothem outbuilding occurs over increasingly long time spans for delta-scale (usually, ca. 0.1-100 kyr), shelf-prism (0.2-17.6 Myr) and continental-margin clinoforms (3.7-123.3 Myr) ( Table 4 ). This pattern is reflected in positive correlations between clinoform set duration and the water depth of rollover points, the height of clinoform foresets, and total clinoform relief (Figs. 13C-F, 15K-P). As a consequence, average vertical sedimentation rates, progradation rates and unitwidth depositional flux of continental-margin clinoforms are respectively up to four, six and five orders of magnitude lower than the typical values for delta-scale clinoforms, with intermediate values for shelfprism clinoforms (Table 4; Fig. 13G-H, J) . In particular, in delta-scale clinoform sets deposited over time spans of less than 10 kyr, vertical sedimentation rates, progradation rates and unit-width depositional flux are greatest in subaerial deltas (respectively, 10 3 -10 5 m/Myr, 
Clinoform trajectories and progradation resistance ratio
Clinoform trajectories generally tend to be relatively low angle in deltaic clinoform sets deposited during Milankovitch time scales (≤ 0.5°), increasing for sandy subaerial deltas deposited over longer time scales (up to +1.7°), for shelf-prism clinoforms (0 to +2.4°) and becoming significantly higher for continental-margin clinoform sets (+ 0.9°to + 49.0°) ( Table 4 ; Fig. 13I ). In concert with this trend, clinoform progradation resistance ratios increase from deltaic (10 − 4 to 7 × 10 − 3 ) to shelf-prism (1-8 × 10 − 2 ) and continental-margin clinoform sets (up to 4 × 10 −1 ) ( Table 4 ; Fig. 13E ). These trends reflect the dominance of short-term progradation and long-term aggradation in cycles of continental-shelf outbuilding (Bullimore et al., 2008; Helland-Hansen and Hampson, 2009 ). However, sand-prone subaqueous delta clinoform sets contain a larger spread of trajectories (from − 0.4°to +3.5°), even in the short term (b10 kyr) (Table 4 ; Fig. 13I) . Furthermore, the values of clinoform progradation resistance ratio (≤ 3 × 10 −2 ) for sand-prone subaqueous delta clinoforms are up to two orders of magnitude higher than those typical of other delta-scale clinoforms, and are similar to those that characterise shelf-prism clinoform sets (Table 4 ; Fig. 13E ). Low rates of progradation relative to aggradation are therefore characteristic of the outbuilding of sandprone subaqueous deltas.
Parameter correlations
Moderate to strong negative power correlations exist between age duration and both vertical mean sedimentation rates (R 2 N 0.57) and horizontal mean progradation rates (R 2 N 0.73) for clinoform sets (Figs. 14W-X; 15J). Such trends were first documented by Sadler (1981) , and indicate that the net rate of sediment accumulation recorded by a sedimentary unit has a systematic inverse relation to the average time duration of the unit, due to the occurrence of gaps in deposition of various frequencies and durations. Cross-sectional net-sediment flux, which directly depends on values of progradation rate and vertical mean sedimentation rate (R 2 N 0.70, Fig. 14Y-Z) , shows only a modest negative correlation with clinoform set duration (R 2 ≈ 0.55). This phenomenon was highlighted by Sadler and Jerolmack (in press ), who argues that, for time intervals greater than 10 3 years, the product of aggradation and progradation rates (i.e., the cross-sectional sediment flux) is largely time scale-independent for siliciclastic passive margins. In addition, the dataset comprising all the analysed clinoforms, regardless to their type, shows moderate-to-strong, positive correlations between water depths of topset-to-foreset rollover points and each of the following six parameters: total relief (R 2 ≈ 0.83); foreset height (R 2 ≈ 0.77); topset height (R 2 ≈ 0.81); bottomset height (R 2 ≈ 0.74); duration (R 2 ≈ 0.72); progradation resistance ratio (R 2 ≈ 0.77) ( Fig. 15L-Q) . The last two relationships are indirect consequences of the accumulation of hiatuses of different scales over increasingly longer time spans (Sadler, 1981) . Each of these parameters can be therefore generally used as a palaeobathymetry proxy, according to the correlations given in Table 7 and 8. However, none of these relationships seem to be valid for statistical populations formed only by delta-scale, sand-prone subaqueous clinoforms ( Fig. 15L-Q ; Tables 5, 7 and 8).
The data-points relating to this clinoform type generally follow the trend for the global clinoform dataset but, presumably due to the low spread of water depth values, do not form a clearly defined trend of their own (Fig. 15L-Q) .
Discussion
In the preceding sections, examples of modern and ancient deltascale subaqueous clinoforms have been summarised from the published literature, and their morphological and chronostratigraphic parameters have been quantitatively analysed in the context of other clinoform types. In this section, we return to the problems identified in the introduction to this article: (1) how can delta-scale subaqueous clinoforms be recognized in the stratigraphic record using seismic reflection, sedimentological and/or stratigraphical data?; (2) what kind of depositional processes and settings are implied by clinoform morphology, lithology and internal facies character?; and (3) what are the implications of recognizing this particular type of shallow-marine sediment body in ancient and modern environments for sequence stratigraphic models?
Diagnostic criteria for delta-scale subaqueous clinoforms
An interpretation of delta-scale subaqueous clinoform is likely whenever clinoforms encompassing heights of tens of metres are characterised by a relatively well-developed topset that lack evidences for subaerial exposure. In addition, the quantitative analysis presented herein indicates a series of diagnostic geomorphological, sedimentological and stratigraphic features for either muddy or sandy delta-scale subaqueous clinoforms (Figs. 13-16, Tables 3 and 8) . Some of these quantitative characteristics can be recognized in high-resolution 3D seismic data, making it possible to propose a sandy or muddy deltascale subaqueous clinoform interpretation even without detailed sedimentological data. All analysed delta-scale subaqueous clinoforms, irrespective of their dominant grain-size, share three common characteristics: (1) they have a shore-parallel, laterally extensive, near-linear, plan-view morphology (Fig. 16) ; (2) their stratigraphic architecture, geomorphology, sediment grain size and facies character are dominated by basinal processes (waves, currents, tides) and tend to be more uniform than those of their subaerial delta counterparts (Fig. 16) ; and (3) their nearly symmetrical, usually sigmoidal crosssectional geometry (shape ratio of 0.10-0.65) contrasts with the oblique cross-sectional geometries that characterise most subaerial deltas (Fig. 17) .
Our analysis of recent clinoforms highlights three morphological differences that allow muddy and sandy delta-scale subaqueous clinoforms to be further differentiated (Figs. 16-17) . Firstly, the dip extents of the topset, foreset and bottomset components of sandprone delta-scale subaqueous clinoforms are ca. 1 order of magnitude smaller than in other delta-scale clinoforms (subaerial deltas and muddy subaqueous deltas) (Table 4 ; Figs. 12A-B; 13B ; 14D-F, L-N; 15A-I). Secondly, steep topsets, foresets and bottomsets are diagnostic of sand-prone delta-scale subaqueous clinoforms, whereas markedly gentler gradients are typical of their mud-prone counterparts ( Figs. 12F-H; 13A ; 14G-I, L, O-P, S, U-V; 15A-H). A foreset gradient threshold between the two systems is observed at ca. 0.3-0.5° (  Table 3 ; Fig. 9 ). Thirdly, delta-scale sand-prone subaqueous clinoforms show a moderate inverse correlation between the slope gradient and dip extents of their foresets, topsets and bottomsets slope gradients, which is not observed in other types of clinoforms ( Fig. 15A-I) .
Values of short term (≤10 kyr) progradation rates and depositional flux for sand-prone subaqueous clinoforms (respectively, 1-5 × 10 2 km/Myr and 1-15 km 2 /Myr) are up to 3-4 orders of magnitude lower than in equivalent subaerial deltas, and average vertical sediment accumulation rate values (1-5 × 10 3 m/Myr) can be up to two orders of magnitude lower than in other delta-scale clinoforms (subaerial deltas and muddy subaqueous deltas) deposited over similar time spans ( Fig. 14W-Y ; Table 4 ). In addition, sand-prone systems are characterised by a larger spread of clinoform trajectory values (from −0.4°to +3.5°) than mud-prone delta-scale subaqueous clinoforms (0-0.5°), even in the Holocene (≤10 kyr duration). This is in marked contrast with the very low shoreline trajectory angles developed over similar timescales (b0.1°) (Figs. 14I, 18 ; Table 4 ).
7.2. Depositional processes and settings of delta-scale subaqueous clinoforms 7.2.1. Significance of plan-view clinoform morphology Processes dispersing sediment away from river mouths range from fair-weather waves, storm waves and gravity flows, to hyperpycnal plumes, and tidal and oceanographic currents (e.g., Dreyer et al., 2005; Hampson, 2010) . In the subaqueous portion of compound clinoforms, dispersal processes are dominated by persistent oceanographic currents, waves and tides that transport sediment alongshore. This shore-parallel marine transport belt, observed in many present-day mud-rich subaqueous deltas, causes a lateral deflection of sediment input beyond the river mouth, (e.g., Driscoll and Karner, 1999; Cattaneo et al., 2003 Cattaneo et al., , 2007 Liu et al., 2006; Mitchell et al., 2012; Fig. 16 ). As a consequence, delta-scale subaqueous clinoforms are predominantly controlled by basinal processes, and form laterallyextensive, near-linear, shore-parallel plan-view geometries (Figs. 7; 16) . Field and Roy (1984) and Hernández-Molina et al. (2000a) in their initial interpretations of 'infralittoral prograding wedges' state that delta-scale sand-prone subaqueous clinoforms are formed by the action of storm-generated downwelling currents transporting shoreline sands seawards from the surf zone, and are unconnected to subaerial delta input points. Furthermore, they indicate that these systems onlap on underlying discontinuities and do not form compound clinoform systems (c.f., coarse-grained variant of 'Gargano-type' clinoforms; Fig. 3C ; see also Fernández-Salas et al. (2009) ). The uniform sediment texture that is generally associated with delta-scale subaqueous clinoforms, which often causes their internal architecture to be poorly imaged on seismic data , is consistent with this origin, since shoreface sands are normally well sorted by wave action in the surf zone or during alongshore transport from river mouths. The modelling studies of Mitchell (2012) and Mitchell et al. (2012) suggest that the alongshore components of storm-generated bottom currents are usually much stronger and longer lasting than the offshore-directed component, resulting in near-bed stresses above the sediment transport thresholds even in the absence of combined wave action. This potentially gives rise to sedimentation patterns dominated by intermittent, current-driven alongshore sediment transport belts , which resemble the sedimentation style of typical mud-rich subaqueous deltas (e.g., Driscoll and Karner, 1999; Cattaneo et al., 2003 Cattaneo et al., , 2007 Liu et al., 2006; Mitchell et al., 2012) .
Significance of cross-sectional clinoform morphology
Previous analysis of seismic reflection profiles has identified two types of clinoform morphology and related them to different environmental variables (e.g. Sangree and Widmier, 1977; Pirmez et al., 1998; Driscoll and Karner, 1999; Adams and Schlager, 2000) . Oblique clinoforms exhibit asymmetrical morphologies which can be described by an exponential function for elevation (i.e. abrupt break in slope from topset-to-foreset, typically with toplap seismic terminations, and gradual break in slope from foreset-to-bottomset), have narrow topsets and steep foresets, and are associated with low angle, regressive clinoform trajectories that lack aggradation. In contrast, sigmoidal clinoforms exhibit symmetrical morphologies (i.e. gradual breaks in slope from topset-to-foreset and from foreset-to-bottomset), have broad topsets and gently dipping foresets, and are associated with regressive, aggradational clinoform trajectories. The 'shape ratio' values presented in our study indicates that both sandy and muddy delta-scale subaqueous clinoforms tend to show the most highly symmetrical, sigmoidal crosssectional geometries, whereas subaerial delta clinoforms are oblique (Table 4 ; Figs. 13A-B, Fig. 17) .
It is worth stressing that the distinction between oblique and sigmoidal geometries, particularly for clinoforms buried at depths N1000 m, will often be a matter of seismic resolution. Apparent stratal terminations are imaged where topsets becomes too thin to resolve, giving rise to apparent oblique geometries. More generally, all points of 'stratal termination' associated with clinoforms in seismic cross sections partly reflect imperfect resolution of progressive stratal pinchouts occurring landward of the upper rollover point ('offlap' or 'toplap') and basinward of the lower rollover point ('downlap'). In particular, seismic examples of shallowly buried clinoforms suggest that: (1) the downlap point often occurs between the lower rollover point and clinoform toe point (e.g. , Fig. 10) ; (2) the toplap point occurs in close proximity to the upper rollover point in oblique clinoforms with narrow topsets (e.g. , Fig. 10AL) ; and (3) in strongly progradational clinoform successions, the offlap point occurs at the clinoform head point, although in reality it may lie landward of this point (e.g. Fig 10YGs) .
Clinoform cross-sectional geometries are controlled by a complex spatial and temporal interplay between mean grain size, clinoform height, sediment dispersal processes and water column energy distribution, clinoform trajectory type and basin physiography (Kenter, 1990; Orton and Reading, 1993; Pirmez et al., 1998; Driscoll and Karner, 1999; Adams and Schlager, 2000; Cattaneo et al., 2003 Cattaneo et al., , 2007 Swenson et al., 2005) . In particular, oblique clinoform profiles, characterised by steep equilibrium slopes, are favoured by coarse-grained sediments, high clinoform relief, low trajectory angles, close proximity to the shoreline, and predominance of river-driven over basinal processes (Pirmez et al., 1998) . All these conditions tend to favour sediment transport by diffusion, which in turns, would generate a depositional profile approximated by an exponential function for elevation.
The opposite conditions favour development of sigmoidal clinoforms and gentler slope gradients (Fig. 17) . When one or more of the controlling parameters vary through space or time, clinoform cross-sectional profiles change accordingly. For example, Pirmez et al. (1998) point out that when sigmoidal clinoforms prograde across a sloping basin floor towards greater water depths, their cross-sectional profile tends to become more oblique even if the base level does not change (heightinduced changes, see also Fig. 10AL ). However the clinoforms change from oblique to sigmoidal geometries if the rate of sediment supply cannot keep pace with the rate of water depth rise (shoreline trajectoryinduced changes; e.g., Mortimer et al., 2005) . Due to the changes in shoreline trajectory implicit in a typical sinusoidal relative sea level cycle, clinoforms are predicted to evolve through time from oblique to sigmoidal in lowstand system tracts, and from sigmoidal to oblique in highstand system tracts (e.g., Mitchum et al., 1977; Vail et al., 1977; Mitchum and Van Wagoner, 1991) .
The typical sigmoidal profile of most shelf-prism clinoforms is due to the predominance of basinal processes, their fine grain-size and generally high-angle trajectories. Despite the similarities in palaeoenvironmental and depositional conditions with the shelf-prism clinoforms, continental-margin scale clinoforms are characteristically oblique because of their very high clinoform relief (Table 4 ). In contrast, although their relief is not high, subaerial-delta clinoforms are oblique because they are predominantly associated with river-driven sediment dispersal processes, low-angle clinoform trajectories, shallow water and rapid progradation (low progradation resistance ratio) (Table 4 ; Fig. 13A-B) . Delta-scale subaqueous clinoforms tend to be sigmoidal due to the effects of strong wave, current and tidal processes and of higher-angle clinoform trajectories than in subaerial deltas (Table 4 ; Fig. 13A-B; Fig. 17 ). The anomalously steep gradients typical of deltascale sand-prone subaqueous clinoforms are more similar to the slope angles of continental-margin clinoforms than to those of other deltascale clinoform types (Table 4; Fig. 12F-H) , and are probably the result of the higher friction experienced in subaqueous environments below fairweather wave base, combined with the availability of well-sorted, coarse-grained sediment.
Significance of chronostratigraphically-constrained parameters for clinoform sets
Delta-scale sand-prone subaqueous clinoforms are characterised by a larger spread of clinoform trajectory values (from − 0.4°to + 3.5°) than mud-prone subaqueous systems (0-0.5°) and, above all, shoreline systems deposited during similar time-spans (b 0.1°) (Figs. 13I, 17 ; Table 4 ). This characteristic, coupled with progradation resistance ratio values that in sand-prone subaqueous systems are up to two orders of magnitude higher (≤ 3 × 10 −2 ) than in those typical of other delta-scale clinoform types deposited during similar time spans ( Fig. 13E ; Table 4 ), shows that lower progradation relative to aggradation is characteristic of delta-scale sand-prone subaqueous clinoform sets (Fig. 17) . Similar steep clinoform trajectory angles are displayed by larger-scale clinoforms, deposited in longer time spans (e.g., shelfprism and continental-margin clinoform; cf. Fig. 13I, Table 4 ), reflecting the dominance of short-term progradation and long-term aggradation in cycles of continental-shelf outbuilding (Bullimore et al., 2008; Helland-Hansen and Hampson, 2009) .
Slow progradation and the very low values of unit-width depositional flux typical of delta-scale sand-prone subaqueous clinoform systems may reflect the distance of many sand-prone subaqueous clinoform foreset from direct river sediment input points (Figs. 7, 17) and/or the sporadic nature of sediment supply and depositional episodes by basinal processes in these settings (c.f., Mitchell, 2012; Mitchell et al., 2012) . Higher sediment supply and progradation rate values in muddy subaqueous deltas are attributed to the association of these clinoform types with large feeder rivers and subaerial deltas (Figs. 7, 17) . Subaerial deltas may prograde seawards very rapidly (e.g. the Po Delta has prograded at a rate of 45 km/kyr in the last 360 years, partly due to anthropogenic forcing), but at the same time may be subject to topset subaerial truncation and also to frontal erosion and retreat in between rapid episodes of progradation (e.g., Po di Tolle lobe of the Po Delta) (Correggiari et al., 2005; Friedrichs and Scully, 2007) .
Depositional settings of delta-scale compound clinoforms
Muddy subaerial deltas are commonly formed by large river systems draining vast, gentle cratonic areas, whereas short river systems draining a steep, mountainous hinterland, usually in tectonically active areas favour development of sandy subaerial deltas (Orton and Reading, 1993; Bhattacharya, 2006) . Sandy subaqueous delta-scale clinoforms are either associated with sand-prone subaerial deltas and shorelines (e.g., offshore River Salinas, California), or to a lack of direct deltaic sediment input point (e.g., southern Spain; c.f. Fernández-Salas et al., 2009) . Muddy subaqueous deltas, conversely, may be linked directly to either silty large-scale subaerial deltas (e.g., Yangtze, Amazon) or to subaerial deltas dominated by fine-grained sands (e.g., Po, GangesBrahamaputra) (Fig. 16) . Exceptions where subaqueous deltas are apparently not directly associated with any subaerial deltas situated directly up-dip have been also documented (i.e., Gargano, Cattaneo et al., 2003 , and are associated with shore-parallel currents feeding the subaqueous clinoforms. Muddy subaerial deltas associated with sandy subaqueous counterparts have not been reported as yet. Such a system is unlikely: how could a muddy coastline provide sand to be transported further offshore?
Holocene delta-scale sand-prone compound clinoforms form in different oceanographic and depositional settings than muddy compound clinoforms (Table 3; : (1) in sandy systems, the water depth of the rollover point of the subaqueous clinoform (ca. 20-60 m) tends to be ca. 10-30 m deeper than in muddy subaqueous deltas (c.f. also Mitchell et al. (2012) ); (2) delta-scale muddy and sandy subaqueous clinoforms are characterised by relatively wide and narrow subaqueous topsets, respectively, with a threshold value between the two systems of ca. 9 km of distance between the subaqueous rollover point and the shoreline break; (3) delta-scale sand-prone subaqueous clinoforms are hosted by steep (≥0.26°) and narrow (b35 km) shelves, whereas muddy systems are found on broad and gently sloping shelves, with critical cut-off values between the two systems of ca. 30-70 km distance from the shoreline to the shelf-edge break and 0.2-0.5°average shelf-gradients; and (4) muddy and sandy compound clinoforms respectively contain a larger and smaller subaqueous clinoform relative to the associated subaerial clinoform, with a threshold value between the two systems for the ratio of subaerial foreset to subaqueous foreset height of ca. 0.2.
The amount of river-derived sediment delivered to the subaqueous clinoform relative to that retained in the subaerial clinoform is proportional to the predominance of basinal processes over fluvial processes (Swenson et al., 2005) . As a consequence, the degree of relative growth and development of subaerial and subaqueous clinoforms tends to be inversely related to each other, with a negative correlation between width of coastal plain and the width of the shelfal mudstone belt (c.f., Swenson et al., 2005; Hampson, 2010) . In some cases, compound clinoform systems are characterised by large subaqueous clinoforms with a clearly sigmoidal geometry (shape ratio b0.4) and a broad, well-developed subaqueous topset (e.g., muddy delta systems fed by large rivers and strongly influenced by waves or tides, such as the Amazon, Ganges-Brahmaputra, Fly, Yangtze River deltas). Other systems are characterised by much larger subaerial delta or shoreline clinoforms with an oblique to top-truncated geometry (shape ratio ≥ 0.4), and by a much reduced to absent subaqueous counterpart (e. g. sandy delta systems or muddy delta systems containing a strongly progradational subaerial delta, such as the Mississippi River delta) (cf., .
As a consequence of the relationship described above, the wide, lowgradient shelves that typically host mud-rich subaqueous deltas, together with the greater distance of these clinoforms from the shoreline, are interpreted to reflect the lower angle of repose of fine-grained sediments, and the high values of riverine sediment supply and subaqueous delta progradation rates that typify these systems. The deeper clinoform rollovers for sand-prone systems are attributed to the greater wave and current velocities needed to transport sand-rather than mud-grade sediment. These greater velocities are mirrored by a deeper storm wave-base that, in turn, directly affects the depth of the delta-scale subaqueous rollover (e.g., Pirmez et al., 1998; Swenson et al., 2005; Mitchell et al., 2012) .
Sand-prone delta-scale subaqueous clinoforms are particularly common in tectonically active settings, such as the periphery of rift basins (e.g., the Sognefjord Formation) or in the vicinity of compressional to transpressional plate boundaries (e.g., California Borderlands, southern Iberia) (Table 1 and 2; Figs. 6, 7, 17) . These contexts are effective in:
(1) delivering coarse-grained clastic sediment to the shelf via short, steep subaerial drainages; (2) favouring the formation of narrow, steep shelves; and (3) triggering or enhancing strong oceanographic circulation (e.g., Faerseth and Ravnås, 1998; Gawthorpe and Leeder, 2000) . Conversely, muddy subaqueous deltas are particularly common on broad, low-gradient shelves situated in passive margin or cratonic basins (Tables 1 and 2 ; Figs. 6, 7, 17) . However, exceptions to these rules are also present, since the catchment lithology, the general oceanographic and climatic settings play a very important role as well. For instance, the muddy Adriatic clinoforms are situated in a foreland-type basin fronting evolving thrust-and-fold belts.
Implications for sequence stratigraphic models
It has been pointed out that positive correlations exist between water depths of topset-to-foreset rollover points and various geometric and stratigraphic parameters (total relief, foreset height, topset height, bottomset height, duration, progradation resistance ratio) (Fig. 15L-Q) . This means that it is now possible to quantitatively infer palaeobathymetries of clinoform-bearing sedimentary successions once one or more of these parameters have been constrained. This has potentially important implications, as palaeobathymetry is a crucial constraint for established sequence stratigraphic and quantitative stratigraphic techniques (e.g., backstripping, Allen and Allen, 2005) . This new technique to infer the palaeo-water depth at the rollover point, together with the geometric method proposed by Patruno et al. (in press) for estimating the palaeobathymetry at any point on a clinoform surface away from the rollover, has the potential to complement palaeontologically-constrained palaeobathymetry estimates or to replace them completely.
Furthermore, the recognition of delta-scale subaqueous clinoforms in the stratigraphic record has profound implications for the interpretation of ancient clinoform-bearing strata, because topset-to-foreset rollovers in delta-scale clinoforms are near-universally interpreted as palaeo-shorelines and are thus treated as robust indicators of relative sea-level position. Vertical stacking of delta-scale clinoform sets in seismic data is typically used as evidence for repeated regression and transgression of a palaeo-shoreline (i.e. a subaerial delta) (e.g., Helland-Hansen and Hampson, 2009 ).
An alternative interpretation of delta-scale compound clinoform geometries is that their subaerial and subaqueous clinoforms were shoreline clinoforms deposited at different times under different relative sea-level conditions (e.g. highstand and lowstand delta clinoforms). This alternative interpretation is particularly troublesome in the case of Quaternary compound clinoforms, because a major sea-level rise (up to 120 m) occurred following the last de-glaciation, at about 7-8 Ka, such that modern subaqueous delta clinoforms superficially resemble Pleistocene subaerial delta clinoforms developed during the last glacial sea-level lowstand. However, direct dating of several mud-and sandprone subaqueous clinoforms clearly indicates that they were initiated and grew after the attainment of the Late Holocene sea-level highstand (e.g. sand-prone subaqueous clinoforms off south-eastern Australia, southern Iberia, and California; Field and Roy, 1984; Roy et al., 1994; Hernández-Molina et al., 2000a; Le Dantec et al., 2010 ; muddy subaqueous clinoforms of the Adriatic shelf and Yangtze River delta; Cattaneo et al., 2003 Cattaneo et al., , 2007 Liu et al., 2006) . Seismically resolved lap-out relationships also indicate development and progradation of subaqueous delta clinoforms after the Late Holocene sea-level highstand (e.g. subaqueous clinoforms off the Manawatu coast, New Zealand and the Tiber River mouth, Italy; Amorosi and Milli, 2001; Dunbar and Barrett, 2005) . Thus, recent examples demonstrate that delta-scale compound clinoforms and subaqueous clinoforms are a viable template for interpretation of ancient strata. The diagnostic criteria presented above provide a tool to differentiate subaerial and subaqueous delta-scale clinoforms using subsurface data (cores, wireline logs, seismic data, biostratigraphic and other chronostratigraphic data), and also to indicate whether delta-scale subaqueous clinoforms are sand-prone or mudprone. Delta-scale subaqueous clinoform trajectories within clinoform sets are likely to directly reflect changes in wave base, which in turn are modulated by variations in both relative sea level and wave climate. The stacking of consecutive delta-scale subaqueous clinoform sets is likely to reflect relative sea-level and sediment supply history, in the same way as stacking of subaerial delta clinoform sets.
The very different time scales over which delta-, shelf-prism-and continental margin-scale clinoform systems prograde cause the formation of shelf-edge deltas in b0.15 Myr during relative sea-level stillstands. Nevertheless, shore-parallel marine sediment transport can result in significantly longer shelf-transit times, and may inhibit the establishment of shelf-edge deltas if river sediment input rates are outpaced by the shelf transport rates (Burgess and Hovius, 1998; Yoshida et al., 2007; Burgess and Steel, 2008; Helland-Hansen and Hampson, 2009; Olariu and Steel, 2009) or even encourage delta autoretreat (sensu Muto and Steel, 1992; Muto et al., 2007) . In the case of delta-scale subaqueous clinoforms, ascending normalregressive clinoform trajectories and sediment transport by powerful alongshore currents are likely to cause progressive decrease of acrossshelf net-sediment fluxes and progradation rates as the subaqueous delta approaches the shelf-edge. Much of the sediment budget in delta-scale subaqueous clinoform systems is redistributed alongshore rather than across the shelf and towards the shelf break. This pattern is commonly observed in present-day subaqueous deltas, which form laterally extensive (up to 10 2 -10 3 km), shore-parallel traps for riverfed sediments on the shelf, at the expense of sediment bypass across the shelf to the basin floor (e.g., in the Yangtze River delta, Liu et al., 2006) . As a consequence, the presence of delta-scale subaqueous clinoform sets on an ancient shelf may suggest that sediment storage on the shelf was greater than sediment bypass across the shelf, except where canyons are observed to extend across the shelf to the palaeoseaward limit of the subaqueous delta. Such canyons constitute efficient conduits for the transfer of sediment to the basin floor (e.g., Milliman et al., 1984; Nittrouer et al., 1986; Posamentier et al., 1991; Johnson and Baldwin, 1996; Covault et al., 2007) , as observed in the present day Ganges-Brahamaputra subaqueous delta (Kuehl et al., 1997; Michels et al., 1998) .
Conclusions
Delta-scale subaqueous clinoforms are common features of Holocene-to-modern shelves, but ancient examples are rarely interpreted. This study analyses a large dataset of modern and ancient clinoforms, characterised by heights of tens, hundreds and thousands of metres (i.e., respectively, 'delta-scale', 'shelf-prism-scale' and 'continental-margin-scale'). Diagnostic criteria are identified that allow different clinoform types and their dominant grain-sizes to be interpreted in seismic reflection, sedimentological and/or stratigraphic data. Our quantitative approach demonstrates that all clinoforms, despite remarkable differences in size, age and palaeoenvironments, are subject to similar physical laws. These are exemplified by regression equations, extracted from cross-plots of architectural and/or stratigraphic parameters.
The examined dataset demonstrates that progressively larger scale clinoforms are deposited in increasingly deeper waters, over progressively larger time spans. Delta-scale, shelf-prism-scale and continental-margin-scale clinoforms are respectively deposited at rollover water depths of 0-60 m, 58-530 m, 550-1770 m, and over time spans of 0.1-100 kyr, 0.2-17.6 Myr, 3.7-123.3 Myr. Accordingly, vertical sedimentation rates, progradation rates and depositional fluxes of continental-margin clinoforms are up to 4-6 orders of magnitude lower than typical delta-scale clinoform values. For all clinoform types, strong statistical correlations exist between: (1) the water depths of rollover points, (2) foreset, topset and bottomset heights, (3) durations, and (4) progradation resistance ratio. It is therefore now possible to quantitatively infer paleobathymetries of clinoform-bearing sedimentary successions once one of these parameters has been constrained.
Both muddy and sandy delta-scale subaqueous clinoforms share four characteristics. Firstly, they are formed during relative sealevel stillstands, For example, all recent subaqueous clinoforms started prograding after the attainment of the Late Holocene highstand (c. 6-7 ka). Secondly, their stratigraphic architecture, geomorphology and facies character are dominated by basinal waves, currents and tides, and tend to be more uniform than those of subaerial deltas. Thirdly, their plan-view morphology is shore-parallel, laterally extensive (up to 10 2 -10 3 km) and near-linear, with the sediment budget primarily redistributed alongshore and a low chance of shelf bypass. Lastly, their nearly symmetrical, sigmoidal crosssectional geometry is similar to that of shelf-prism clinoforms and contrasts with the oblique profiles of most subaerial deltas. Sigmoidal morphologies are due to the predominance of fine-grained lithologies, influence of basinal processes, relatively slow progradation and highangle trajectories. The opposite conditions generate typical oblique profiles in subaerial deltas. Despite the similarities, differences in morphology and sedimentary dynamics allow muddy and sandy delta-scale subaqueous clinoforms to be differentiated. In particular, delta-scale sand-prone subaqueous clinoforms have diagnostically steep foresets (0.7-10°, and up to 23°) and topsets/bottomsets (0.4-5°). Similarly steep foreset gradients were observed in muddy shelf-prism-and continental-margin-scale clinoforms (respectively, 0.9-9.8°and 0.9-16.2°). Progressively gentler foreset gradients are shown by sand-prone subaerial deltas (0.1-2.7°) (except Gilbert deltas), and by mud-prone subaqueous and subaerial deltas (0.03-1.50°). A foreset gradient threshold between recent mudand sand-prone delta-scale clinoforms is observed at ca. 0.3-0.5°. These relationships reveal that larger and/or coarser-grained clinoforms are characterised by steeper foresets, independent of depositional environment. Delta-scale sand-prone subaqueous clinoforms have foreset dip extents (b2.6 km) that are approximately 10 times smaller than those of other delta-scale clinoforms. The quantitative nature of the relationships between dip extents and slope gradients is demonstrated by inverse correlations between these parameters, which are not observed in other clinoform types. Holocene delta-scale (foreset height b50 m), sand-prone subaqueous clinoforms occur on steep (≥0.26°) and narrow (5-32 km) shelves, at typical distances of 0.6-7.2 km from the shoreline break. These characteristics contrast with mud-prone subaqueous deltas, which form clinoforms on gently-sloping (0.01-0.38°), wide (23-376 km) shelves, at usual distances of 7.5-125 km from the shoreline. Cut-off values between the two systems were identified: (a) c. 9 km distance from the shoreline to the delta-scale subaqueous rollover; (b) c. 30-70 km shelf width; (c) 0.2-0.5°average shelfgradients. In sandy delta-scale systems, the water depth of the subaqueous clinoform rollover point (≈ 20-60 m) is ca. 10-30 m deeper than in muddy subaqueous deltas, and the height of the subaerial clinoform is greater than about one fifth of the associated subaqueous clinoform.
Due to the sporadic nature of depositional episodes and the typical lack of direct connections with river mouths, Holocene delta-scale sand-prone subaqueous clinoform deposits have progradation rates (1-5 × 10 2 km/Myr) and unit-width depositional flux (1-15 km 2 /Myr) that are up to 3-4 and 2-3 orders of magnitude lower, respectively, than in age-equivalent subaerial deltas and muddy subaqueous deltas (typically associated with large feeder rivers). Even in the Holocene, lower progradation/aggradation ratios are reflected in a larger spread of progradational clinoform trajectory values (from − 0.4°to + 3.5°relative to horizontal) than the very low angles displayed by age-equivalent muddy subaqueous deltas (b 0.5°) and by progradational subaerial-deltas (b0.1°). Due to the well-known dominance of short-term progradation and long-term aggradation in most sedimentary successions, clinoform trajectories are increasingly steep for sandy subaerial deltas deposited over longer (10 5 -10 6 yr) timescales (up to + 1.7°), shelf-prism clinoforms (0 to + 2.4°) and continental-margin clinoform sets (+ 0.9°to + 49.0°). Our analysis indicates that delta-scale compound clinoforms and subaqueous clinoforms are a viable template for interpretation of ancient strata. These clinoform types can be diagnosed using geomorphological, sedimentological and stratigraphic features that are readily applicable to subsurface data (cores, wireline logs, seismic data, biostratigraphic and other chronostratigraphic data). The capacity to recognise different clinoform types based on seismic geomorphological parameters is particularly important, since seismic data is the preeminent tool for analysis of many ancient sedimentary basins. Robust recognition of different clinoform types is significant, because they denote different palaeo-environmental conditions and require different sequence stratigraphic interpretations. For example, the presence of delta-scale subaqueous clinoform sets suggests predominant alongshore sediment transport and correspondingly little sediment bypass to the basin floor. Furthermore, sand-prone delta-scale subaqueous clinoforms tend to be associated with active tectonic settings, whereas muddy delta-scale subaqueous clinoforms are usually associated with tectonic quiescence. Tables 6 and 7 and Figs. 9-10. Parameter pairs characterised by absence of correlation whereas in the global dataset (Table 5 ) a correlation exist (and vice versa) are highlighted by an asterisk (*). A double asterisk (**) marks parameter pairs showing an opposite correlation type than in the global dataset (cf. 
